Purpose: Although there have been several studies of reduced airway space after mandibular setback surgery using the sagittal split ramus osteotomy technique, research on the risk factors for changes of the airway space is lacking. Therefore, this study was performed to examine airway changes and the position of the hyoid bone after orthognathic surgery, and to assess possible risk factors. Methods: In this retrospective study, 50 patients who underwent posterior displacement of the mandible by the bilateral sagittal split ramus osteotomy technique were included. Changes of the position of the hyoid bone and the airway space were analyzed over various follow-up periods, using cephalometric radiography taken preoperatively, immediately after surgery, eight weeks after surgery, six months after surgery, and one year after surgery. To identify risk factors, multiple regression analysis of age, gender, body mass index (BMI), posterior mandibular movement, and the presence of genioplasty was performed. Results: Inferor and posterior movement of the hyoid bone was observed postoperatively, but subsequent observations showed regression towards the anterosuperior aspect. The airway space also significantly decreased after surgery (P＜0.05), and increased slightly up until six months after surgery. The airway space significantly decreased (ß=0.47, P＜0.01) as the amount of mandibular setback increased. However, age, sex, BMI, and presence of genioplasty were not associated with airway reduction. Conclusion: The amount of mandibular set back was significantly associated with postoperative reduction of airway space. It is necessary to establish a treatment plan considering this factor.
Introduction
Skeletal class III facial patterns can be the result of mandibular prognathism, maxillary deficiency, or a combination of both [1] . Since the soft palate, tongue and hyoid bone, and the associated tissues are attached directly or indirectly to the maxilla and mandible, these tissues are directly affected by movement of the jaw, causing alterations in the pharyngeal area.
Changing the position of the jaw in orthognathic surgery (OS), especially the mandible, the position of the tongue, and the pharyngeal airway space, also causes a change in morphology. The narrowing or widening of the pharyngeal airway space is related to mandibular setback and advancement surgery [2] [3] [4] .
Lateral cephalometric radiography remains an important imaging tool in surgical planning. It allows the maxillofacial surgeon to plan the surgery and collect relevant information about the hard and soft tissue structures, as well as the airway space. Although radiographic imaging provides only two-dimensional images for the evaluation of the pharyngeal airway, it is still used to evaluate sleep disorders and skeletal deformities [2, 3, 5] .
The advantages of cephalometric radiography include its wide availability, simplicity, low expense, and ease of comparison with studies that also used this method [5, 6] .
There are significant differences in cephalometric measurements between patients with obstructive sleep apnea syndrome (OSAS) and those without [6] . Many studies based on lateral cephalometric analysis find that the most frequent anatomic alterations associated with OSAS are posterior positioning of the hyoid bone and the base of the tongue, resulting in pharyngeal narrowing. These studies focused on the effect of OS on the pharyngeal airway space [2, 3, 7] .
Orthognathic advancement surgery is an effective option for the treatment of OSAS [8] , because it enlarges the pharyngeal airway space and tightens the upper airway muscles and tendons by advancing the osseous origins. Conversely, the pharyngeal airway space sometimes narrows after mandibular setback, with a risk of developing OSAS. This risk has been confirmed in patients who underwent OS for mandibular setback, raising awareness of research of airway narrowing [2, 3, 7] .
The benefits produced by OS have been well described in patients with congenital or acquired sleep disorders, but the effects in patients without this condition is problematic, and pertinent research is sparse [2, 9, 10] . According to Foltán et al. [10] , some studies have found that the alterations to be temporary, whereas others consider them permanent and prone to future worsening, owing to mandibular setback surgery with or without association with maxillary advancement. A long-term observational study to analyze the changes in the airway space is suggested for surgeries involving mandibular setback [7] . In addition, changes in the position of the hyoid bone after OS are widely documented, but whether it returns to the original position during the postoperative follow-up period is still under debate [11] [12] [13] . More study is needed to find what can affect the changes of the airway space and the position of the hyoid bone. In light of this, the purposes of this study were as follows: 1) To evaluate the changes of the airway space and the position of hyoid bone after OS (mandibular setback surgery) in patients who had skeletal class III facial pattern without any kind of sleep disorder;
2) To identify possible risks for these changes.
Materials and Methods

Study subjects
To address the research hypothesis, the authors con- 2) Measurement points and measurements 
Results
The lateral cephalometric radiographs of 50 patients (21 males and 29 females) with a mean age of 24.1 years (range HRP-HY, horizontal reference plane to hyoid; VRP-Hy, vertical reference plat to hyoid; C-Hy, most posterior point of the symphysis of mandible to hyoid; T0, before surgery; T1, immediately after surgery; T2, two months after surgery; T3, six months after surgery; T4, one year after surgery. The difference of the estimated average compared to T1 in each time period was considered statistically significant (P＜0.05).
b The difference of the estimated average compared to T0 in each time period was considered statistically significant (P＜0.05). (Table 1) .
2) Change of horizontal position
The vertical distance of hyoid from the baseline changed from 14.07±6.70 mm (T0) to 9.71±6.26 mm (T1), and this pattern continued for six months after surgery.
3) Change of the hyoid bone position relative to the symphysis of the mandible
The distance between the hyoid bone and the most pos- 
Risk factors affecting the airway space changes
Variable potentially affecting airway space changes after OS were evaluated. These were age, gender, amount of setback, BMI and whether or not genioplasty was performed.
Multiple regression analysis showed that the amount of set-back has a statistically significant effect on the change in airway spaces, Ts (T1-T0) (β=0.46, P＜0.001) ( Table 3) .
Discussion
Skeletal changes of the jaw due to OS also affect the size of the airway space. Several studies have assessed the changes in the airway space and the position of the hyoid bone, as well as the physiologic reflex mechanism for airway maintenance after skeletal movement in subjects with a skeletal class III facial pattern who underwent OS [11, 13, 14] .
Eggensperger et al. [15] evaluated the lateral radiographs of 32 patients who underwent mandibular setback surgery, taken at one week, six months, and 12 months postoperatively, observing a continuous decrease in the nasopharynx and oropharynx space. Hochban et al. [16] , Saitoh[17] , and Tselnik and Pogrel [11] also reported decreases in the pharyngeal airway space after mandibular setback surgeries. Demetriades et al. [6] found similar results, and noted a setback of five mm as potentially critical for the development of obstructive sleep apnea. Chung and Lee [18] , Lee[19] and Kim et al. [20] reported that oropharyngeal space decreased postoperatively, with the decrease maintained in the months post-surgery. Marşan et al. [2] found an increase in the nasopharynx with no alterations of the hypopharynx in patients with a Class III facial pattern who underwent bimaxillary surgery. Hasebe et al. [21] did not find any differences in the pharyngeal airway space between the mandibular setback surgery group and bimaxillary surgery group.
Pereira-Filho et al. [5] found an increase in the nasopharyngeal space with long-term maintenance, an increase in the oropharynx with relapse in the long term, and a decrease in the hypopharynx with long term maintenance for bimaxillary surgery in patients with a Class III pattern.
Thus, results are conflicting about the changes of the airway space after OS. These variations may arise from the landmarks used for measuring the airway space, which can be different among studies.
In this study, the airway space changed from the T0 After mandibular setback surgery the hyoid bone may move inferiorly [13, 22, 23] , both inferiorly and posteriorly [14, 15, 24, 25] , and both inferiorly and forward [21] . Some studies also report that the hyoid bone returns to its original position, maintaining the airway resistance [7, [11] [12] [13] 15, 24, 25] .
These changes can occur because of the physiologic reflex mechanism for maintaining the airway space. In this study, we observed posterior and inferior movement of the hyoid bone after mandibular setback surgery, and found anterior and superior movement of hyoid bone towards the original position one year following surgery. However, like the airway change mentioned above, these movements could not return the hyoid bone to its original position.
To assess the risk factors associated with changes in the airway space after OS, age, gender, amount of mandibular set back, BMI, and genioplasty were statistically analyzed. Only setback was identified as a significant factor Ts (T1-T0). The amount of mandibular setback is a statistically significant (β=0.46, P ＜0.001) risk factor affecting the airway space changes, both by univariate and by multiple regression analysis (P ＜0.001).
BMI is usually categorized, but we used it as a continuous variable, because most of the patients were in the normal range, and we wished to assess the linear risk of this factor. We thought that continuous variables were appropriate for reliable results statistically.
A relapse occurred in the airway space postoperatively and the gap between each time period (T2-T0, T3-T0) were decreased. The authors performed the same analysis for the time of T2-T0 and T3-T0 for each risk factor, none of which were statistically significant (data not shown).
Further research on the other risk factors affecting the airway space changes associated with OS are needed especially the direction of mandibular set-back, original airway 3-dimensional dimension, and will benefit from technologic developments.
Conclusion
The purpose of this study was to evaluate the changes of the airway space and the position of the hyoid bone occurring after mandible set-back surgery, which can be 2. The airway space decreased significantly after surgery (P＜0.05) and gradually increased up to six months, after which significant improvement was not observed.
3. Among the risk factors affecting the decrease in the airway space after OS, the amount of mandibular setback was the only significant risk factor (P＜0.05). Other factors such as age, sex, BMI, and genioplasty did not differ significantly.
